The nucleotide sequence of the genomic RNA2 (3774 nucleotides) of grapevine fanleaf virus strain F13 was determined from overlapping cDNA clones and its genetic organization was deduced. Two rapid and efficient methods were used for cDNA cloning of the 5' region of RNA2. The complete sequence contained only one long open reading frame of 3555 nucleotides (1184 codons, 131K product). The analysis of the Nterminal sequence of purified coat protein (CP) and identification of its C-terminal residue have allowed the CP cistron to be precisely positioned within the polyprotein. The CP produced by proteolytic cleavage at the Arg/Gly site between residues 680 and 681 contains 504 amino acids (Mr 56019) and has hydrophobic properties. The Arg/Gly cleavage site deduced by N-terminal amino acid sequence analysis is the first for a nepovirus coat protein and for plant viruses expressing their genomic RNAs by polyprotein synthesis. Comparison of GFLV RNA2 with M RNA of cowpea mosaic comovirus and with RNA2 of two closely related nepoviruses, tomato black ring virus and Hungarian grapevine chrome mosaic virus, showed strong similarities among the 3' non-coding regions but less similarity among the 5' end non-coding sequences than reported among other nepovirus RNAs.
The nucleotide sequence of the genomic RNA2 (3774 nucleotides) of grapevine fanleaf virus strain F13 was determined from overlapping cDNA clones and its genetic organization was deduced. Two rapid and efficient methods were used for cDNA cloning of the 5' region of RNA2. The complete sequence contained only one long open reading frame of 3555 nucleotides (1184 codons, 131K product). The analysis of the Nterminal sequence of purified coat protein (CP) and identification of its C-terminal residue have allowed the CP cistron to be precisely positioned within the polyprotein. The CP produced by proteolytic cleavage at the Arg/Gly site between residues 680 and 681
Introduction
Grapevine fanleaf virus (GFLV) is a member of the nepovirus group and is responsible for an economically significant disease in vineyards. The genome is composed of two single-stranded positive-sense polyadenylated RNAs which carry a genome-linked protein (VPg) at their 5' ends (Pinck et al., 1988) and each RNA is separately encapsidated in isometric particles. The capsid is composed of a single protein species of 54K (Quacquarelli et al., 1976) . The lengths of the two genomic RNAs of GFLV strain F13 (GFLV-F13; RNA1 and RNA2) were estimated as 6800 nucleotides (nt) and 3900 nt respectively and an additional smaller satellite RNA (RNA3, 1114 nt) has also been identified (Pinck et al., 1988) .
In vitro translation of each species of virion RNA in a wheatgerm extract induces the synthesis of a polyprotein corresponding to its entire coding capacity, that is 225K for protein P1 of RNA1 and 127K for protein P2 of RNA2 (Pinck et al., 1988) . In vitro protein synthesis under the direction of genomic RNAs of a non-specified GFLV isolate and processing studies carried out in rabbit reticulocyte lysates have shown that a 125K protein is translated from this RNA2 in the presence of amino acids analogues, which were used to inhibit proteolytic cleavage. In the absence of these analogues, a specific protease induced by RNA1 catalysed the cleavage of the 125K protein into two proteins of 68K and 58K. Peptide mapping after partial proteolysis of the 58K protein strongly suggested that it was the viral coat protein (Morris-Krsinich et al., 1983) .
To substantiate these reports the sequence of RNA2 and the location of GFLV coat protein in the polyprotein translation product have been determined. Sequence comparisons between RNA2 of nepoviruses, GFLV-F13, tomato black ring virus (TBRV; Meyer et al., 1986) , Hungarian grape chrome mosaic virus (GCMV, Brault et al., 1989) and RNA M ofa comovirus, cowpea mosaic virus (CPMV; Van Wezenbeek et al., 1983) are presented.
Methods
Virus purification and nucleic acids extraction. GFLV-F 13, originally collected from a grapevine Vitis vinifera cv. Muscat near Frontignan in the south of France, was propagated on Chenopodiurn quinoa after mechanical inoculation and virus particles were purified as described previously (Pinck et aL, 1988) . RNA was extracted from purified virions by the conventional SDS-phenol method and concentrated by ethanol precipitation. Plasmid DNA was prepared either from minilysates or by alkaline lysis and purification on a CsC1 gradient containing ethidium bromide (Maniatis et al., 1982) .
Synthesis and cloning of double-stranded cDNA. Partial clones containing T-terminal sequences of GFLV-F 13 RNA2 were constructed by cDNA synthesis using oligo(dT)-tailed pUC9 primer extension (Heidecker & Messing, 1983) . cDNA copies of the 5' part of GFLV-F13 RNA2 were synthesized using a synthetic oligonucleotide (18-mer) primer P638 (5' GGTTGAGGGTCCCCTCCA 3'), complementary to .nt 1286 to 1303. The first strand and the double-stranded cDNA were synthesized by primer extension (Rutledge et al., 1988) in a one tube reaction: 7 ~tg of purified total virion RNA was incubated with 0.25 ~tg of primer P638 in a final volume of 50 ~tl containing 100 mM-Tris-HCl pH 8.3, 130 mM-KC1, 10 mM-MgC12, 2-5 mM-DTT, 1 mM of each dNTP and avian myeloblastosis virus (AMV) reverse transcriptase (Life Sciences) to a final concentration of 800 units/ml. Ten ~tl of this mixture was immediately transferred to a separate tube containing 1 ~tl of [a-32p]dATP (3000 Ci/mmol, 10 mCi/ml) and both tubes were incubated at 37 °C for 5 min and then at 42 °C for 25 min. The labelled first-strand cDNA was used as a reference in 1.4% alkaline agarose gel electrophoresis (Maniatis et al., 1982) or for parallel migration with heterologous sequencing products in an 8 ~ polyacrylamide sequencing gel. To synthesize the second strand of the cDNA, 1 unit of RNase H (BRL), 20 units of DNA polymerase I (Kornberg polymerase, Boehringer Mannheim), 4 units ofT4 DNA ligase (Pharmacia) and 4 gl of [c~-3zp] dATP (3000 Ci/mmol, 10 mCi/ml) were added directly to the tube containing 4081 of the first-strand cDNA. The mixture was incubated for 2 h at 15 °C. The reaction was stopped by extraction with phenol :chloroform :isoamyl alcohol (25 : 24 : 1, v/v/v) and the doublestranded cDNA (ds cDNA) was then precipitated in the presence of 2 M-ammonium acetate and ethanol (Okayama & Berg, 1982) before gel filtration. In a second step the longest cDNA molecules were selected by Sephacryl $500 gel filtration; ds cDNA was pelleted, solubilized in 4081 elution buffer (10mM-Tris HC1, 50mM-NaC1, 2mM-EDTA pH 7.8) containing 10% glycerol and 0.05% bromophenol blue, loaded on a Sephacryl $500 column packed in a 5 ml plasfc pipette and equilibrated with the elution buffer. The fractions containing the longest DNA molecules, as judged by monitoring the radioactivity and by gel electrophoresis of aliquots, were pooled and precipitated.
In a third step the ds cDNA was cloned. Recombinant clones were obtained by overnight ligation of the selected ds cDNA molecules with 5' dephosphorylated HinclI-cut pUC9 in 10 gl of the mixture described in Rutledge et al. (1988) . Aliquots of the ligation medium were used to transform Escherichia coli C6005K (Hubacek & Glover, 1970) . To clone recombinant cDNA plasmids extending further toward the 5' terminus of RNA2, the primer P915 (5' GCGCAAAATAAAAGAAC Y) complementary to nt 142 to 158 was chosen. The first strand of cDNA was synthesized as described before, purified in an 8% polyacrylamide gel and dC-tailed. The dC-tailed cDNA molecules were hybridized with dG-tailed PstI-cut pUC9 and further digested with SmaI in order to obtain one blunt extremity. This hybrid was treated with DNA polymerase I (Klenow fragment, Pharmacia) to synthesize the secondstrand cDNA. After ligation, the mixture was used to transform E. eoli C6005K.
Screening of the recombinant clones. Plasmids were screened for the presence of viral cDNA inserts by in situ hybridization using either a nick-translated RNA2-specific cDNA probe (Pinck et al., 1988) or the P638 and P915 primers 5'-32p-labelled using T4 polynucleotide kinase. DNA of mini-preparations from recombinant plasmids were screened by double enzymic digestion (EcoRI-HindIII) followed by electrophoresis in 4% non-denaturing polyacrylamide gels or in 1% agarose gels.
Nucleotide sequence analysis, cDNA inserts were sequenced both by partial chemical degradation (Maxam & Gilbert, 1980) and by dideoxynucleotide chain termination (Sanger et al., 1977) after subcloning the appropriate restriction fragments into pUC9. The sequence of both strands of the denatured recombinant plasmid DNA was determined using direct or reverse-sense synthetic oligonucleotide sequencing primers and the modified bacteriophage T7 DNA polymerase (Tabor & Richardson, 1987; USB or Pharmacia) . Additional sequence information was also obtained from primer extension using reverse transcriptase and the P638 or P915 primers as previously described (Fuchs et aL, 1989) . Sequence data were analysed using the UWGCG programs (Devereux et al., 1984) on a Microvax II computer. The COMPARE and DOTPLOT algorithms were used for RNA and protein sequence comparisons. Alignments of homologous nucleotide or amino acid sequences were obtained using the GAP and BESTFIT algorithms.
N-and C-terminal amino acid sequence analysis of the viral coat protein.
Particles of the fastest sedimenting bottom component of GFLV were purified by centrifugation through a 10 to 50% (w/v) linear sucrose density gradient prepared in P buffer (10mM-Na2HPO4, 10mM-KH2PO4, pH 7) for 5 h at 25000 r.p.m, in an SW28 Beckman rotor. The fractions containing bottom particles were diluted with 2 vol. of P buffer and pelleted by a 5 h centrifugation at 1450008 (. Pinck et al., 1988) . Coat protein (50 pmol) was purified on a 10% SDS-PAGE gel, transferred onto Immobilon PVDF membrane according to the manufacturer's Immobilon Tech Protocol (MiUipore) and directly subjected to automated Edman degradation using an Applied Biosystems 470A protein sequencer (Hewick et al., 1981) . For digestion of the coat protein with carboxypeptidase A (Sigma), the coat protein prepared from purified bottom component by the acetic acid procedure (Fraenkel-Conrat, 1957) , was incubated overnight at 37 °C in 0.1 M-Nethylmorpholine pH 7.8 buffer. The amino acid content was analysed using a Pico-Tag analyser (Waters) after a 24 h hydrolysis with 6 M-HC1.
Results and Discussion

Determination of the sequence of RNA2
The clones corresponding to the 3' region of RNA2 were generated using PstI-cut oligo(dT)-tailed pUC9 plasmid DNA to prime the first strand synthesis on the 3' poly(A) sequence of total GFLV-F13 virion RNA (Heidecker & Messing, 1983) . Screening of the recombinant clones was based on in situ hybridization with a nick-translated partial cDNA probe for RNA2 as described previously (Pinck et al., 1988) and on restriction enzyme analysis. Nearly 30% of the transformants obtained were RNA2-specific and had an average size of 1500 nt. The longest cDNA insert (plasmid pG38) obtained by this procedure was 2552 nt in length and contained a 22 nt long poly(A) tail at one extremity which allowed the orientation of the sequence. The pG38 cDNA insert was entirely sequenced on both strands by the partial chemical degradation method and the primary structure determined was in perfect agreement with the partial sequence information determined from independent clones corresponding to the 3' region of RNA2 (data not shown).
The 5' region of RNA2 was cloned using the synthetic 18-mer P638, located 2543 nt from the 3' end, to prime cDNA synthesis on total virion RNA of GFLV-F13. Of the recombinant clones obtained 29~ hybridized with the 5' end-labelled primer P638 used as a probe. The cloning method used proved very rapid and efficient. The longest cDNA insert (1226 nt) was in clone pS38. No sequence heterogeneity was detected upon analysis, of four clones corresponding to parts of clone pS38. The assembly of clones pG38 and pS38 corresponded to 3697 nt, i.e. about 95~ of the length expected from size estimation of the RNA2.
Direct sequencing of RNA2 using the primer P915, located 3632 nt from the 3' end, showed many stops across all four lanes of sequencing gels, suggesting that the reverse transcriptase had difficulty in extending synthesis across this region. This may be the reason for the absence of cDNA copies longer than that in clone pS38. The sequence of the Y-terminal part of RNA2 was therefore obtained by primer extension and quasi-end sequencing using the synthetic oligonucleotide P915 and reverse transcriptase. In order to eliminate the ambiguities due to the stops present in the reverse-transcribed cDNA, the full-length cDNA that migrated as a single band in a polyacrylamide gel after extension of the 5'-labelled primer P915 was analysed in two ways; the material was eluted from the gel and either sequenced by partial chemical degradation or dC-tailed and cloned into PstI-cut, oligo(dG)-tailed pUC9 which had been further digested by SmaI to yield clone pW5. From the direct sequence analysis, the sequence was determined up to the 5' penultimate nucleotide, at which point the intense radioactive band of non-degraded cDNA extended across all four lanes of the sequencing gel and obscured the pattern. Sequence analysis of clone pW5 yielded the same sequence with AT in the first and second positions respectively.
The complete sequence of GFLV-F13 RNA2 contains 3774 nt excluding the 3'-terminal poly(A) tail (Fig. 1) which is slightly smaller than the 3900 nt estimated by electrophoresis in agarose gels containing formaldehyde (Pinck et al., 1988) .
Analysis of the putative open reading frames (ORFs) shows a single large ORF of 3555 nt from nt 8 to the UAG termination codon at nt 3560 to 3562 in the positive orientation of RNA2. The cistron of the resulting 1184 amino acid polypeptide (Mr 131607) represents 94.1~ of the RNA2 sequence. There is a second in-phase AUG at nt 233 to 235. If this second AUG codon acts as initiation codon the resulting 1109 amino acid polypeptide would have an Mr of 122706 (122K). Both Mr values are close to the value of 127K determined by 10~ SDS-PAGE for the major translation product of RNA2 synthesized in wheatgerm extracts (Pinck et al., 1988) . Thus the in vitro translation data do not allow us to choose which AUG is used to initiate the 127K protein. However, three arguments favour the second AUG as the functional initiation codon for the 127K protein. (i) The G+C content of the sequence between these two putative initiation codons is 38~ which is lower than the overall G + C content of the rest of the RNA2 coding region (46.8 ~) and is similar to the low G + C content in the non-translated leader sequences of TBRV-S RNA2 (37.8~; Meyer et al., 1986) and GCMV (40. 1~ Brault et al., 1989) . (ii) The sequence flanking the second AUG codon is in better agreement with the consensus sequence determined by Kozak (1981) for translation initiation codons than is that flanking the first AUG. (iii) After subtraction of 56K corresponding to the coat protein from the 122K or the 131K polyprotein either 66K or 75K remain for the Nterminal part of this protein. The value of 66K is in good agreement with the 68K protein found in the translation products of GFLV RNA2 in reticulocyte lysates by Morris-Krsinich et al. (1983) .
Computer analysis of the RNA sequence revealed no other long ORFs in either the positive-or negative-sense orientation of the RNA. Only short ORFs of no more than 61 codons (369 nt to 551 nt) in the positive-sense and of less than 130 codons (1702 nt to 1312 nt) in the negative-sense orientation of the RNA were found. The total base composition of RNA2 is 24.2~ A, 21-5~ C, 25.3~ G and 29~ T. These values are similar (within 5 ~) to those of CPMV M RNA and RNA2 of TBRV-S and GCMV.
Location of the coat protein cistron
By analogy with CPMV RNA M (Van Wezenbeek et al., 1983) and as suggested for RNA2 of TBRV-S (Meyer et al., 1986) and GCMV (Brault et al., 1989) , the coat protein of GFLV is likely to be encoded in the 3' part of RNA2. However the products obtained from in vitro translation of purified RNA2 in wheatgerm extracts did not react with polyclonal antibodies in immunoblots. The location of the coat protein cistron on RNA2 and the exact site of cleavage at which the coat protein is released from the polyprotein precursor can therefore be deduced only by the determination of the amino acid sequence at the N terminus and identification of the C terminus of the coat protein. First, the sequence of 27 residues at the N terminus was determined by automated Edman degradation. This sequence is identical to that located between residues 681 to 708 of the polyprotein (Fig. 1) , indicating that the first amino acid at the coat protein N terminus (Gly) resulted from cleavage at the Arg/Gly site located at residues 680 to 681. The high yield of amino acid derivatives recovered during this analysis indicates
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3501 GcG~u~JGu~c~GccccG~cc~GGc~Gc~uc~uAG~ccA~uucccA~c~GGGu~ucu~Act~u~6Accc~Gu~auAuAuG~G6 1174 that true coat protein has been sequenced: 30 pmol of PTH-Gly, the first amino acid, were recovered from an input of 50 pmol coat protein bound onto the PVDF membrane and subjected to sequencing, i.e. a yield of 60~. In addition, the amino acid composition data obtained from the acid hydrolysis of purified coat protein (Table 1 ) are in good agreement with the values expected from the RNA sequence. The coat protein could therefore contain as many as 504 residues (amino acids 681 to 1184) with a calculated Mr of 56 019 if it extends to the C terminus of the polyprotein. This value is in good agreement with the Mr of 57000 estimated from the mobility of the GFLV-F13 capsid protein in a 10~ SDSpolyacrylamide gel (not shown). However, the coat protein of tobacco ringspot nepovirus, another nepovirus, although migrating mainly as a 57K polypeptide on PAGE has been proposed to be a tetramer of 13K protein difficult to dissociate into its monomeric form (Chu & Francki, 1979) . This raises the possibility that a similar situation might exist for the coat protein of GFLV. If the GFLV coat protein extends all the way to residue 1184 then digestion of the coat protein with carboxypeptidase A should liberate the C-terminal valine (1184) adjacent to the proline (1183). Analysis of the amino acids released by the digestion of coat protein prepared from purified bottom component with carboxypeptidase A proved unambiguously the presence of valine as the C-terminal residue of the coat protein (data not shown).
For TBRV-S, the cleavage site at which coat protein is released from polyprotein precursor has not been precisely determined (Meyer et al., 1986) . For GCMV, cleavage at an Arg/Ala site has been proposed (Brault et al., 1989) . To be certain that the Arg/Gly site proposed here is the actual cleavage site would require that the sequence be determined at both sides of the cleavage but this is not possible at present as the non-structural protein ending at this site cannot be isolated. However, an additional point in favour of the Arg/Gly cleavage site is that the 58K protein observed after translation of GFLV RNA in reticulocyte lysates and which would correspond to the N-terminal part of the polyprotein precursor was absent from translation products when canavanine, an amino acid analogue of Arg, was used to inhibit maturation (Morris-Krsinich et al., 1983) . Incorporation of canavanine instead of Arg into the polyprotein could affect the correct protein folding needed for recognition by the protease.
Except in the case of the flaviviruses, no other Arg/Gly site has been reported as a polyprotein cleavage site (Wellink & van Kammen, 1988) . The Arg/Gly cleavage site was identified by N-terminal sequencing of the NS5 non-structural protein for the yellow fever flavivirus (Rice et al., 1985) and in the carboxy-terminal~sequence of the C structural protein of West Nile virus (Nowak et al., 1989) . For other flaviviruses, non-structural proteins may also be produced after processing at Arg/Gly cleavage sites as shown by sequence comparisons between homologous proteins (Rice et al., 1986; Sumiyoshi et al., 1987) . Comparison of the amino acid sequence flanking the Arg/Gly sites in the polyproteins of flaviviruses and GFLV RNA2 reveals no significant sequence homologies that could account for the specificity of the protease. Furthermore, in the nepovirus group the RNA2 polyprotein is cleaved by.a specific proteolytic activity associated with translation products of RNA1 (Morris-Krsinich et al., 1983; Forster & Morris-Krsinich, 1985; C. Fritsch, personal communication) . No information is available about the cleavage sites or the location of the protease cistron in RNA 1. The Arg/Gly cleavage site reported here is therefore the first reported for proteolytic processing of a plant virus polyprotein, assuming that no trimming occurs of part of the N terminus by an exopeptidase after the release of the coat protein from the precursor.
Comparison between non-coding regions of genomic and satellite RNAs
A close similarity was found between the 3' non-coding regions of RNA2 molecules of G FLV-F 13, TBRV-S and GCMV. Some 60~o of the sequences are identical and many long stretches are exactly conserved as shown in Fig. 2 . Comparison with the 3' non-coding region of CPMV RNA M showed a less significant homology. However, a stretch of 17 nt with a single nucleotide mismatch was found at different distances from the 3' ends of these four RNAs.
There is no significant homology between the RNA2 and satellite RNA of GFLV-F13, except at the 5' end where a consensus sequence U.G/U-GAAAAU/AU/AU/A has-been reported by Fuehs et al. (1989) . This is in line with the fact that satellites generally have little if any sequence homology with the genomes of their helper viruses (Murant & Mayo, 1982) .
In the 5' leader regions, homologies between RNA2 of GFLV-F13, TBRV-S and GCMV and M RNA of CPMV are restricted to the sequence UGAAAAU of the consensus sequence adjacent to the VPg (Fig. I) . The 5'-terminal nucleotide is A for GFLV-F13 RNA2 and C is the ultimate nucleotide for two satellite RNAs (RNA G and RNA E) of TBRV (Hemmer et al., 1987) . This nucleotide is unambiguously present on the cloned cDNA of RNA2 of GFLV-F13 (results not shown). This provides additional evidence that the nucleotide sequence deduced from the cDNA clones in fact extends up to the 5' end of the RNA2. To show that the 5' terminal A is the ultimate nucleotide linked to the VPg, rather than the U more frequently found in this position, sequence determination of the 3' ends of double-stranded RNAs is needed. In addition to the homologies reported above, an octanucleotide (5' UUUCUUUU 3') was found once, at variable distances from the 3' terminus, in the 3' noncoding region of RNA2 from GFLV-FI3, TBRV-S and GCMV. This sequence was also present once and four times respectively in the 5' non-coding regions of GFLV-F13. andTBRV-S RNAZ
Properties of the 131K polyprotein
The polypeptide of 1184 amino acids encoded by RNA2 contains 10-9~ acidic and 11.8~ basic amino acids and has a neutral charge overall. The distribution of triplets used to encode the polyproteins in GFLV-F13 RNA2, TBRV-S RNA2, GCMV RNA2 and CPMV M RNA showed that the frequency of occurrence of each amino acid is remarkably similar in the four viruses. The frequency of NCG is low in Ser, Pro, Thr and Ala codons.
The hydrophilicity plot of this polyprotein (Fig. 3) can be divided into three regions: the first 80 residues at the N terminus have mainly hydrophobic properties, the region between residues 80 and 680 is predominantly hydrophilic and the domain of the coat protein from residue 681 to the C terminus is mainly hydrophobic in the N-terminal moiety while hydrophilic and hydrophobic peaks alternate in the C-terminal region after residue 930.
Comparison of the 131K polyprotein with other viral proteins
The 131K polyprotein is clearly shorter than the corresponding polyproteins of the other nepoviruses. Although analysis of the polyprotein with the BESTFIT program indicated that TBRV-S and GCMV share an overall homology of 58~, the homology at this level was reduced to 27~o between GFLV and TBRV-S, to 19~o between GFLV and GCMV and to 16~ between GFLV and CPMV, which corresponded to increasingly distant relationships between these viruses. Comparison among the amino acid sequences of polyproteins encoded by the RNA2 of GFLV-F13 (131K), of TBRV-S (150K), of GCMV (146K) and RNA M of CPMV (105K) revealed only restricted similarities. The COMPARE program allowed the detection of four regions of homology that fell on a diagonal line within the coat protein domain of GFLV-F13, GCMV and TBRV-S. Analysis of those regions (underlined in Fig. 1 ) revealed two homologous hexapeptides with the sequences LPANAF (residues 736 to 741 for GFLV-F13 and residues 896 to 901 for TBRV-S) if P and A residues were considered similar and LGMGGT (residues 907 to 912 for GFLV-F13, 1068 to 1083 for TBRV-S and 1042 to 1047 for GCMV) if M and I were considered similar. Two tetrapeptides (FDAY and FYGR) also exist in the polyproteins encoded by RNA2 of GFLV-F13 (residues 750 to 753 and 1176 to 1179), RNA2 of TBRV-S (residues 668 to 671,911 to 914 and 1334 to 1337) and GCMV RNA2 (residues 883 to 886 and 1312 to 1315). In addition to the comparisons described above, the structure of the polyproteins encoded by RNA2 of GFLV-F13, GCMV and TBRV-S was analysed using the 'Vectorial Representation of Protein' (V.R.P.) algorithm (Poch et al., 1988) which gives a twodimensional vectorial representation of a protein sequence by a one to one amino acid versus vector correspondence as deduced from French & Robson (1983) . The average slope resulting from the sum of several vectors, and the analysis of any important change between two average slopes allow delimitation of different domains. V.R.P. diagrams of isofunctional proteins frequently yield analogous patterns and slope break points for the different functional domains (Poch et al., 1988) . In Fig. 4(b) and (c) the overall V.R.P. profiles of the polyproteins encoded by RNA2 of TBRV-S and GCMV are nearly identical. The domain corresponding to the coat protein in the polyproteins of GFLV, TBRV and GCMV RNA2 has a similar slope and is clearly distinguishable (dotted line in Fig. 4) . However, despite these similarities between the coat protein domains, polyclonal antibodies against GFLV-FI3 coat protein do not cross-react with TBRV-S and vice versa. The same lack of cross-reactivity is observed with antibodies against TBRV and GCMV. The remaining part of the polyprotein showed a complex pattern without distinct features indicating clearly the limits of the additional domains.
